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摘  要 
 I
 







(1) 建立了沉积物和底栖动物样品中 PAHs 分析的微波辅助萃取方法。通过正交
实验优化了沉积物和底栖动物样品的微波萃取条件：对于 10g 样品，以 50mL
正己烷-丙酮（1:1, v/v）为萃取溶剂，在 1000W 微波功率、100℃下萃取 10 min。
PAHs 的加标回收率范围分别为 82.8-102.4%和 85.3-97.6%，与索氏萃取法相
当，优于超声波萃取法。以 GC-MS 法测定 PAHs，沉积物样的检出限范围为
0.27-1.24 ng g-1，底栖动物样为 0.11-1.44 ng g-1。分析结果表明，本方法快速、
溶剂用量小，可以满足痕量分析的要求。建立了植物样品中 PAHs 分析的萃
取和净化方法。采用微波辅助萃取法对植物样品中的 PAHs 进行提取，通过
皂化反应去除提取液中的色素，再用 Oasis® HLB 反相固相萃取小柱对目标物
做进一步富集、纯化，用二氯甲烷洗脱目标物，以 GC-MS 法测定 PAHs 的含








PAHs 含量与表层沉积物中 TOC、粘性颗粒组分和重金属 Pb 含量呈显著性相




















(3) 吸附实验的结果揭示，PAHs 在水-沉积物体系中的分配过程符合 Freundlich
吸附等温曲线，随着 PAHs 的 C/H 值的增加，吸附系数 Kf和吸附指数 n 均增
大，表现为 PAHs 在沉积物上的吸附能力逐渐增强，而且受到水体中 DOM 含
量和性质的影响；红树植物根系-沉积物中 PAHs 分配主要受根组织脂类含量
控制；对 6 种红树植物组织和 2 种底栖动物中 PAHs 的 logBCF 值与 logKow
和 logSw 的相关性分析发现，植物根、木质部、叶片组织和底栖斜肋齿蜷体
































Mangrove forest is a woody community that can be periodically submerged in 
seawater of the intertidal zone of tropical and subtropical regions. It is important to 
systemically investigate the behaviors and environmental effects of PAHs compounds 
in mangrove swamps. Therefore the intention of this study is to provide information 
of the concentration, distribution, sources and transportation of PAHs in the typical 
coastal mangrove swamps in southern China. Some successful results have been 
received. 
(1) A method of microwave assisted solvent extraction (MASE) had been set up to 
extract PAHs in sediment and benthic samples. Experimental parameters of MASE, 
including the extraction reagent, temperature, microwave power and time, were 
optimized using an orthogonal array design. MASE realized at 1000 W and 100 ℃ for 
10 minutes with 50 mL n-hexane-acetone (1:1, v/v) for 10g sample was found to be 
optimized for isolation of PAHs from the sample matrix. The average recoveries of 
the proposed method for spiked PAHs in sediment and benthic samples were found to 
be 82.8 to 102.4%, 85.3 to 97.6%, respectively. The method detection limits for 
sediment and benthic samples were found to be 0.27 to1.24 ng g-1, 0.11 to 1.44 ng g-1, 
respectively, with GC-MS determination. The MASE method showed higher 
efficiency of extraction with reduced extraction time and solvent volume compared to 
ultrasonic extraction and Soxhlet extraction. A novel extraction and clean up method 
for PAHs from mangrove plant samples had been developed, and the experimental 
conditions were optimized. After MASE extraction and saponification of samples, a 
clean up of pigments from extracts with dichloromethane through Oasis® HLB 
reversed solid-phase extraction cartridges was performed. The ranges of average 
recovery, RSD and method detection limit of spiked samples were found to be 75.2 to 
107.9%, 0.5 to 8.5% and 0.17 to 2.35 ng g-1, respectively, with GC-MS determination. 
The method was proven to be a simple, rapid and accurate method to evaluate PAH 
content in mangrove plant samples. 
(2) Concentrations, distribution and sources of PAHs contamination of typical 















Futian mangrove reservation zone in Shenzhen Bay were studied with the integrated 
methods of data collecting, sample analyzing and multivariable statistics. The results 
showed significant linear correlativity between PAHs concentration and content of 
total organic carbons (TOC), grain and heavy metal lead in surficial sediments. 
Sources of PAHs in the mangrove swamps were identified based on 6 molecular 
markers and lead concentration, with the method of index of molecular marker and 
principal component analysis (PCA). The results suggested that PAHs input along all 
swamps originated from pyrolytic sources, especially from combustion of leaded 
gasoline. Simultaneously there was petrogenic input of PAHs in Shenzhen Bay 
samples while not PAHs in Jiulong River samples, indicated by the results of 
hierarchical clustering analysis (HCA).  
(3) The results of sorption experiments indicated PAHs transporting from water to 
sediment accorded with Freundlich sorption isotherm. Sorption capacity of PAHs on 
sediment enhanced with increases of C/H, following increases of sorption partition 
coefficient Kf and sorption index n of Freundlich sorption isotherm. It was also 
influenced by content and components of dissolved organic material (DOM) in water. 
Sorption partition of PAHs was mainly controlled by lipid content in root tissues of 
mangrove. Linear correlativity between logBCF and either logKow or logSw in 6 kinds 
of plant tissues and 2 kinds of benthic faunas indicated that PAHs concentration of 
sediment had good relation with PAHs concentration in snail (Sermyla riqueti) and 
plant tissues including root, xylem and leaf, while there was not significant 
correlativity in bark tissues of plant and fish (Periophthalmus cantonensis). The 
results showed there were different ways for PAHs transporting to mangrove tissues 
or benthic faunas. 
  This work demonstrated environmental behaviors of PAHs in typical coastal 
mangrove swamps at fields of small-scale territory. The sources of PAHs in mangrove 
swamps were discussed couple with method of index of molecular marker and 
multivariable statistics. Distribution and transportation patterns of PAHs from 
sediment, through water and into aquicolous organism system were investigated. The 
results indicated that the transporting of PAHs in mangrove forest was controlled by 
lipid-water partition equilibrium in the aquicolous organism and concentration of 















estimating, programming and management of coastal environment and have important 
scientific and environmental benefits.  
 
Keywords: polycyclic aromatic hydrocarbons; mangrove forest; environmental 











































PAHs polycyclic aromatic hydrocarbons 多环芳烃 
LPAHs low molecular weight PAHs 2-3 环多环芳烃 
HPAHs high molecular weight PAHs 4-6 环多环芳烃 
MASE microwave assisted solvent extraction 微波辅助萃取 
SE soxhlet extraction 索氏提取 
UE ultrasonic extraction 超声波萃取 
WM water matrix sample 水样基体样品 
SM sediment matrix sample 沉积物基体样品 
BM benthic matrix sample 底栖动物基体样品 
PM plant matrix sample 红树植物基体样品 
TOC total organic carbons 总有机碳 
DOC dissolved organic carbons 溶解性有机碳 
TEF toxicity equivalence factor 毒性等效系数 
S Sermyla riqueti 斜肋齿蜷 
P Periophthalmus cantonensis 弹涂鱼 
slc supercool liquid-state 参考态（液体） 
BCF bioconcentration factor 生物富集因子 
MDL method detection limit 方法检出限 
QC quality control 质量控制 
RSD relative standard deviation 相对标准偏差 
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